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(57) imm 

5:V>A1, Ga, Ini-M-y N !&&if^^^?,lU ^imm 
[»^ai Al. Gay lra-1-y N(0 . y **0 0^x+ 
^(>^j:hmil±^m&^tU^AU Ga, Ini-.-, N « 
ffgAli Gaylm-,-, N mb<7)^liZmmmiXt/Mi G 

a, im-x-, N ^^m^kmx*)±^^jBmm. 

t:. f5:}}mmtmS.t<m^. Al. Gay Im-.-y N jft* 
(Si) fefHiJtli^fti^'Jny (SiOtefH-CS>S 



AIGaInN Jl Nt 




1 

im^l 1 Al, Gay lm-.-7 N (Ogx , y 1fr> 0^x+ 
a*^^>^rS^Lhfc:JgK;?nfcAl. Ga, Im-,-, N mt: 
Al. Ga, Ini-.-, N StiOHt^SS^OTHSitfAl. Ga, 
^nmU-^^shi^^Wm^it^^^X . A1. Ga, in 

i-.-y Nfc4-fSiE:»j$-^lrf-&v:fcS-!^fc-rsiii 

m^2\ mmmmi^'jny (si) ^a^^a 

[if^3] Bq^:^^D«(i^fl:£» (Zno). mc7 

(HgAli04)ifctt^:tv'>AXfW>f h (NdGaOs) cortO 
[iS^4] ^SS-hmm\LWS.h<rm:i. Aix Gay 

Im-i-y N (O^x , y 36*0 O^x+y Sl)*»i^>^SK^ 
Al, Gay Im-.-y N HcOMa^Btt^^S-Bii-rSClfcS- 

[00011 

[^<0mt-Sftffi4«fl III l^mmmkNi . Ga 
y Ini-,-y N (0 gx , y i^-^tiO gx+y ^DSrfflV^fc 

[00021 

9 -6.2 eV(ORHT$!l«rBrig^:III i^-ffcife (Al. Gay 
Ini-.-y N (O^x . y **OttO ^x+y ^1)) SrfflV^fcl^ 
-- r^^3r-K^IBt^>f3t--H^:fc'c0III 
Wl^mimmiXX\^h, OT, III RS^BjSrAl, 
Gay Im-.-y N iJtJlAlGalnN hmtth. Ill ttSfll 

Al. Gay Im-.-y N <OffllE( x , y ) 
g) i&^Sirt*c:tt:J:SnSS>pS'\<o(m^«k: 

iO. ^^y;l/^xDfiJS (M.CYoo.K.H.Shii.et al.: P 
roceedings of International Syaposiua on Blue Lase 
r and Li^tEiitting Diodes, Cbiba Univ. .Japan, Hare 
h 5-7. 1996,p554-557 ) *SV^{±»^#F1ijlS (S.Nak 
aaira,et al, J. Japanese Journal of Applied Physics, 



(2) !^^9-326534 

2 

vol35.part2,No 2B(1996).L217 ~L220) ^:fc*05III K 

[00031 08{ifi!*<oiii imx(mm/mm.<n i 

(cffl) is^htSihWSX it. AIN iO-''<»/7rS2 , GaN 
<03y^'^ha3 d^^SilTV^S. $A>tn SAlGaN 
Wv^YMii X GaN <DiS<M5 tJil^p ScOAlGaN <0 

4. -e^oifcjip a<oGaN o^^ yTS? mm^ivKi 

0> -eco^ffltrJiAu/Cr A>/i>^rSlll<omffifl8 3&^« 
SilTV^S. ^-\"yr®7 «±fcJlAlAi36»^>^rS|g2 

[0 0041 Al. Ga, ini-.-y N mvwmwssmL^ 

. Gay Im-.-y N J: 0 t./h$^r««*rS5rfflV^Sfc. |£ 
li^cO^^tftC Al . Gay Im-.-y N m:.n\->^*)PSi} 

V^S (A. Kuraaata,K.Horino,et al. ; Proceeding of 
International Syiposiui on Blue Laser and Light Eb 
itting Diodes, Chiba Univ., Japan,March 5-7, 19%, 
P80-85). 

[0 00 51 Al. Ga, Im-.-, N L 
30 X\t^yr^T1fm\^t>iiX^ti.^yr4TWSHtM 
. Gay Im-.-y N tgaktS^S^ttt,^< . L*»t. if 

yr^T<^^]^mm.. a {^yr^r) «7.5 xio-^ 

Sr^-f ) , Al. Gay Ini-.-y N <?)a(Al . Gay Im-.-y 
N)=5.6 xiO-sAJrO V^Jt«). l^i5l±L* 
V\ , 
[ 0 0 0 6 1 L*>L. T>f T^fcrJiTtc^f S^c: 
^fcS. l.^#|gtt*«^:<-^/v:«), l^-- ^f-^>^5^--K 
40 ^ttA«/h3 < , msmiJ^hW&^lSih Z t **-C^^: 
v>. 

[00071 

[fEWiK^Lipk-rsiRiii -:ir. sijgsifc»s6H 
smffanmsit:m\^ttjs. ±izmftz2':><7)xmm 

mtlhi'. «fi^[|®a*>'a(Si)=3.59xl0-6A. a (6 
H-SiC)=4.2 xlO-6AkAl. Gay Im-.-y N ^T^J^ 
^( Mi.Hra(GaN)=5.6 XlO-^/X) i '5'^S^^;'t«). 

Ji£lS^j£lias ««;iooox:) *»^>Ma*'C<^aii^ 
50 <o^r*«lSJ: OWv^fcto. SfflfcJi^loSiOJSAit^t 



(3 

3 

[00081 iMffi^mmzm:^. ^ft'msmi. si 

tSia4fc»i6»-SiC*gfi<offlg±t:l^4t^:v^i. Ga 

[0009] 10 
ftt:, Al, Ga, Ini-.-, N(0 gx , y Ogx+y ^1) 
^r&««Lhfc:}glS§tutAl. Ga, Im-,-, N S^-ttrll 

I mmmm^mMizti\.^x. mm^tmsAu ca 

, Ini-,-, N mbcOfStzmS'mtiXVMM Ga, In 
1-.-, N m^acrmsmmX 0:k^^jMmsmii:Wo 
tmipfi^shmmmi-fttE^^X. Al.Ca, In 
1-.-, N (C^^SBA^^If-SClfcir-rS. 

[0010] msmmmii^'j (sd tsa^yt^tt 20 

MimfiS^ (ZnO). m(t7^^i^^J^ (HgO). -9-7 r 
-fr (ot-Ahft). (HgAhOj)*yS«*:t>'''> 
J^j^U^h (IMGaft) <0rtOi!?=5r<i:tl Sa36»f.5rS 

[0011] BiffilE:Jj^Wi:«lSt<OSfc. Al. Ga, 
Ira-.-, N (OSx . y ipr> O^xty^Dij^^^^m^ 

Al.Ga, Ira-.-, N mn^^ti&fm{ti:W±t!>bBi 
[00 1 2] 

±Jm . Ib^Wam . iitV^-CAl. Ca, Im .-, N SNt 
j&^Stl-CV^S. aS,l<^®t±5ifefB<0(l.l,l) ffi 
iiyt:t±SiC tS^(0.0.0.1) S-C&S. Al. Ga, In 
1-,-, N ^«ifi«(x. y)'^Y~\:yy(rm^j:hmun 

[0013] mumms \iZ'>\^x\xflimm■h . m 

/hSV^WT, AlGaInN W^^^KiSS (tWOOOIC) 
*>^>SSi-C<?5?feai^t:. OAlGalnNM^^^D&S^ 
<Wm-hZb^*j:h1f. mLmipMfMiH MiOS 
V%:t«>, AIGaInN ISffltJigioSgOiE:^]***!:^. -fcO 
JSa. AlGaInN Sfcme^tS^i:***^. L*»L. 
S«i:AlGaInNKi:<^raK:, ::il<s»2a<0««<^J8g 50 
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itfcifi^ftSOT. AlGaInN Sfc:*H-S?|-55i»3:'jti«i 
«S<X. AlGaInN i8fcm6<A«.ifc*<fi6±$nS. «! 

[0014] J6*fiWl®t3iL^ffi^tctt<8^^l«^^ 

GaNJSSfclit^Sl&^^^F^^SrSrt. 
[0015] 
[^ ] 









ZnO 


L9 


9 


a-Ait% 


1 


7.5 




7 


1D.5 




9.5 


7.5 


KdCaQi 


L2 


7.5 



ft, j£i©^fc:ij»t&sij|«ic ^ffimjm^^tih. 
wz. mmmifm.Litb^iz.\i^ ^<<^j^. mi 
bmmtmb<7is^m^^^^smmim^^ix. -e^^it: 

BKIdlPiHwytft^OgMfcliSjtflT ttT, AI. Ga, In 

1-.-, N ^i^<(ion. gg) mm., ^(ouzmm. 

was S-JgJtl-S. -eLTgatC. Al. Ga, Ini-i-, N 
^«^Sfflc^SAlGaInN SNtS-J^^tS. ^K^Tffi 

5t-r, Si*e^ a,l.l)ffi<7)S«Jit:Mf, SSlOOn 
■ <0ZnD mim&LLti. xn-fj^ifiH^b LT«. Sfiia 
S5:250 "CfcL. Xyx'y ^';iyxtJAri: L-e«OE*S-lPa 
tLfc. ^'-y>yhfe:{lAl?r2wtX^LfcZnO «tS«c^ 
fflv^fc. Aico^JiJE^^iSfc^mtt^-ltfc^Stft 

[00161 #iS,<t>tZnO mi. XSI3Uf>''«^-V*»^> 

^^i£;$n^zno WL<^mmm=mmmm §k 

(a)(±S^FSAIt*« (l.-l.l) JritiJCO^tO 

y<:?-y<oH, (b) {±mmMt**(i.o.o) :frifi]<^ 



(4) 
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( (b) JctJIt&BHS <^;^il) tffies 

fc*>^>. ZnO K<0cHrtTaltt«|6l|t*«IBHSL>t^SS 
[0017] B3 tiSiaeUitl^rit^n^ZnD |g« 

0 <o^»H^Bfl:«, ZnO s-m-t5t#fcsi^®*»m$ 

^a«Al . Ga y Ira-,-, N Wk^^yi^iDVi 
A.y7r«. n MAlGaN <0^^-yK®. GaN OW&M. 

ftlf. ^iliffl$ii-f . ZnO coi5^jg«S«^«6**<il 

[0018] 'SAWsm^mL^mithiijih^ wm 

±fc:ZnO JS*^fl5-100i« mmJt. H4JiSiSS{c; 
GaNlS$-Jgfi£2ii^ZrtO IftOJf-yxS^^tCiSai 

[00191 astlSifflSJKTWaN l8±fc:jejS5^lftZn 
0 KWRHEED «Sr^L, ( a ) fim^ASW* (l.-l. 
1) -}iH(n!%^n9-><m. ( b ) ««^4SAI«« 
(1.0.0) ^r|6l<?D ( (a) fc:ittTc®rtT30* 

Tt-^^. ZnO CDcMrtOatt<0|5H£Ji«ffl$it^rt^. CI 
iO, SiSfiogflaiqqisgsii^ zno ttxt5'=5fi^-^;p 
[0020] ::<^ZnO Rtt:. iSt H tS18j£<^a 

iOAl . Ga y Im-,-, N <?5r:/;l^xD<Sj!g$^}g^L, 
^^^^^vrm^m^X^ti. a6*iSia«±<JDGaN 
ZnO K<OraS±*D Al I Gay Ini-,-y N W>Wi- 

5. ^<?5«fli<7) AlGalnNH^rfllV^T, !^fc:e«=5:filJt$- 

[00211 msrt^yjv^^um^^'^mmmi 
'^^iz.wmxffmmxhh. ws.\ «j(i.i.i) m 



TV^S. W$50n*^AlN <0|gl OAy7r®2^}ga 
■€-<'D±t:flt§0.5 //■ iOGaN <0l|2<^)^'?>y 7rS. 
S^lSOm <r)n SAlGaNCO^' 5 -y Ha4 . ^;?50nM<^)GaN 
i'JMttaB. ?$150m <r)p SAlGaN (n^'y'/YWa 

p MGaN ^-T'/rmi^miXxhh. a«i <o«g8a 

JiAl, ^^^r-yrST CD«ffi9 JiAu/Cr TftS. 
[0022lSifflsi «-'\§ltr&^fck:J:'3iii ft^ 
-fMtJ^^ftWl (1.-1,0,0) ffi*«^§^fc!5:0. 3Kft 

SrclL. Ssg?g-^l0lcA/ci»ja±-CV-1f^«3-tSC: 
t*«-C#fc. *)t, Sg^tHijtStLT. Gai-x Al. N 

(0 <x gi)t^Lyt*j. wmtmm^<nm.ifih 
0 , f&:4ig^<i^£Tfe 0 . 1 1 1 ^'fLwm'm 

iijie»i2 

SSf: LTSi#Mfi<^ (l,l,l)®S-fflv\ %^mmi:. 
'^^^Vuvyj'^-f^^zi.mm.fi.^yrAr (a- 
Al2a3)tfl|V^;t. ^rfc. S«iaaJi5 0 0X:, r^-^'-y 
20 KcliAl203 tJ^j^frSifflV^, Xvt-/:J'/rxtJJAr5:ffi 
V\ ff*»ilPa. K®±120n« t LJt. 
[00231 l^^r-f riBA^StOi©^*,. ZnO 
^DiO^tHa. l!Kfcl»il:a**^rV^J^. Sid.l, 

1) s«±-ec«iS!r6it:^ti^s*t. cffirtr<oatt 

*|fiIOlsB&e^S/J,*ijt. KftfiftitaSr^A^ 

30 *Stt-csi#|g^ (i.l.Dffi^fflVK i5:>)^Wt: 

(MgO)$^fflV^fc. ^ftJ. ««iastt40o ^J'-;^-^ h 

AttlPa , KffJiloOn* i: Lfc. HgO <^)i©^t>, ^fkBS 
ifc«*«^rv^«^. Si (1.1.1) fflS±-Cclliffi|6rC«*>5 

cfflrtT<Oa||!d5r|4lcOEnfe6«a^.ix:t. 
iHfcB6itflS:#A-rS i: J: 0 . MgO t> J: V-€-<0±fc: 

40 ||il0!4 

fflSi: LTSi#Jga<0 (l,l,l)®S-fflV\ ^-)}Wm\L 

(MgAh 0.) ^rfflV^fc. ^:tj. a^ag«600 X:, 
y-y hfc:liMgAl2 Oij^eftJ-ffll,^, X/'C-y^';<rxfeUiAr 
E:^«lPa . K®ii20n« t LJt. xtr*;i^ 
l!ftB6iW*«^:vt©^. Si (1,1,1) ««±-Cc 
*ffil6l-CJ4*>4A«. cHrtr<?Da(fefr[Sl05l5l<&&«M^>il. 

50 t^=^y-fr;H£RL, ^t»afflS^55r*»ofc. 
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ffiSi: LTSi^ea^ (l.l.l)ffl$:fflv\ JSA^Uife: 
h (NdGath) SrfflVifc. ^rij, aSiSgmoo "C. 9 

^ K^^t). eflSSjtSifts^rv^. Si (1.1,1) WS. 
±Tcttffi|6jT«&**s. cBrt-C<OattSr|fil<?)IiHfe{^ 

GaN mm^k LfimLi^-^tiifi. n 

[0024] 

[5aH<^^] ^^liZXiHi. Al. Ga, Im-,-, N(0 

Ga, Im-.-, N ^S-^tflll 1^mmm/^^\Zii\\ 
T. M^SfclJffiAIi Gar Im-.-, N JffccOStrafi 
WSiJiVAh Ga, ini-.-, N lsa<^JBI^J: 0:*: 

■frT, Ah Ga, Ini-.-,N fc:*-rSJE:>jSr^LJtfe 
4^). ^J^I^a**Al. Ga, Im-,-, N HiD/hSV^ 
±c7)Ah Gax Im-.-, N *>^>^S^a]K^*rSIII K 

[0 0 2 51 $<?>t:. JB^SWitfflStwrafc:, Al. 

Ga, Im-.-7 N (OSx , y ii*r> 0gx4y gl)*>^^:SK 

^iSAi. Ga, Im-.-, N mfmmfnm{cmAL'thi. 

[HB5ofS*^JiBg] 

[HI 1 *fMBfc«SIIl ftS^l5Bjit!««^McoJi«||£ 

[021 siafiOifciii3giK?futzno mr>wMmm 
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^=fiUsM (RHHD) ( a ) liH^^AWji* (1. 

-1.1) imff)%^ff)j^jf~y<m. ( b ) iiwrnxM 

[H31 SiaSJitCK^jSSflJtZnO lg<7);f-i;xm 

[H4 1 Si»gfcGaN l85rJgjS$*iytZnO WLnit-i^j, 

[H51 Si^JitrjGaN Wkhim^^tdim fi<7)RHEE 
10 D (a) a«mMt** (l.-l.l) ^TlnK'DJ© 

^(^y-C^r-xoH. (b) »iSmAJ««(1.0,0) 
''5^ ( (a) fcJJLTcffirt-C30' EHES-frfc) (^J^ 

[06] Sia«i:<^)GaN M) KOZM±<0 Al . 
Ga, Ira-.-, N lg<om^SlStiifl^fc:i:5Jga<o«®* 

[07 1 imm^^h a- H<7y\#MffifcS 
[08] ^3iwiii KMfl:i»!p^#^a<oim'&s^ 

20 — f^J^^fjJ— K<^Bfffi0 

[091SitS^lRfc:M8gj£3n^Al. Ga, Im-.-, 
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2a 




2b 


Il2w<*y7ra 
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30 4 
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(a) 
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m9] 




SAIt*J(l. 0. 0) :/r[^<0 ((a) fcJfLTc ffirtTSO* 

iWEmtms^} me , 

[a9lSife^RJit:^ggfig$#iytAl. Ga, In 



CgaJB]¥j£8^8fl9 0 

"mmmmm mi:mL. (a) j±«m?(jt*«(i.- 

0, 0) *|6l<^)J©^Tj>0(a) fcJtLTc ffirtT30 

[ffiE^«i«] mm 

[051 Si«S±C0GaN JULKmSilJtZnO H<^R« 
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SOLUTION: In the 
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rsubstra?e'J^"^''°"^ ''^^''^'^^ semiconductor device formed on 
consisting of the crystal having a thermal expansion 
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coefficient smaller than 

^?!on^^'''!^-^ expansion coefficient of crystal of 

::^;t^^aj^'^^^^ — ^aye. s. 

between [he subSJrS 1 ^ crystal, are interposed 

and the above-mentioned 

Al<SB>x</SB>Ga<SB>y</SB>In<SB>l-x-y</SB>N layer 
^'^[silr^J^'''^'^'^ - -i^-ion pL^Jenting layer 

anevi;tJSn'?:j;^T'''''' ^^^P-e^ between the stress 

^rys^a! may^^iJed- ^^^^^^^ ^ "^^--ed silicon 

for the substrate material. 
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